ABSTRACT Larvae of Andex insignis Sharp (Coleoptera: Adephaga: Dytiscidae) are described. A parsimony analysis of selected taxa of Hydroporinae based on 24 informative larval characters was conducted using the program PAUP*. The 20 most parsimonious trees support a placement of Andex Sharp within the tribe Hyphydrini as part of a clade made up of Desmopachria Babington ϩ Hyphydrus Illiger ϩ Prismopes Sharp, which is supported by the presence of dorsal metafemoral and mesofemoral setae. Larvae of Andex evolved three unique character states within the Hyphydrini: the presence of several dorsal secondary setae on the prementum, the presence of three frontoclypeal lateral processes in instar III, and the absence of the primary pore TIa.
in the research larval collection of the Y.A. (Department of Biology, Laurentian University, Sudbury, Ontario, Canada).
Larvae and adults of A. insignis were collected at the following localities: South Africa, west of Cape Province, 1 km south of junction of road to Platbakkies and road to Doringskraal, east of Garies, 25 May 2005, G. Challet collector.
Preparation. Larvae were disarticulated and mounted on standard glass slides with HoyerÕs medium. Examination at magniÞcations of 80 Ð 800ϫ was done using an Olympus BX50 compound microscope equipped with Nomarsky differential interference optics. Figures were prepared with a drawing tube attached to the microscope.
Measurements. All measurements were made with a compound microscope equipped with a micrometer eyepiece. The part to be measured was adjusted so that it was, as accurately as possible, parallel to the plane of the objectives. The characters and terms used in the morphometry follow Alarie et al. (1997) , Alarie and Watts (2005) , Alarie and Challet (2006) , and Alarie and Megna (2006) .
Chaetotaxic Analysis. Primary (observed in instar I) and secondary (added throughout the ontogenetic development) setae and pores were distinguished. The primary setae and pores (as well as homologous structures in instars II and III) were coded according to the system proposed by Alarie (1991) for the cephalic capsule and head appendages, Nilsson (1988) and for the legs, and for the last abdominal segment and urogomphi. The position of the sensilla is described by adding the following abbreviations: A, anterior; AV, (Wolfe 1985 (Wolfe , 1989 Nilsson 1988; . Moreover, Þve genera of Hydroporinae [Antiporus Sharp (seven species), Hydroporus Clairville (15 species), Sanfilippodytes Franciscolo (two species), Oreodytes Seidlitz (18 species), and Hygrotus Stephens (11 species)] were included in the outgroup to help reconstruct the evolutionary history of the characters of interest within the tribe Hyphydrini.
The characters used (Table 1 ) and the distribution of character states among the terminal taxa (Table 2) are listed. Apart from selecting synapomorphies which usefully group taxa into broad categories, we have included single autapomorphies (characters). Although these features do not assist with the resolution of the relationships between taxa, they still represent important facies by which terminal clades (i.e., genera) can be clearly recognized. PAUP* version 4.0b10b (Swofford 2002) and MacClade 4.0 (Maddison and Maddison 2000) software packages were used for parsimony searches, character editing, and cladogram examination. The analyses included only informative characters. All characters were treated as unordered and equally weighted. A heuristic search strategy was used to Þnd minimum-length trees. Searches were conducted with 100 randomaddition replicates (tree bisection-reconnection [TBR] ). The data were bootstrapped with 1,000 replicates to assess branch support. The consistency index (CI) (Kluge and Farris 1969) and retention index (RI) (Farris 1989 ) are given.
Results

General Morphological Characteristics of Hyphydrini Larvae
Body fusiformate; frontoclypeus elongated, narrow apically; gular suture fused (visible from instar II), therefore, epicranial plates meet at ventral midline (Fig. 17) ; without cardo; primary seta MX1 inserted on stipes (Fig. 9) ; prementum about as long or longer Note: The 35 columns correspond to the character number (see Table 1 ); ?, missing data.
than broad, lacking marginal spinulae laterally; without primary pores PAj, ANh, FEa, and ABa (Figs. 5 and 6) and primary setae TR2; legs of instar II and III with a variable number of natatory setae (Fig. 19) ; abdominal segments 6 Ð 8 sclerotized ventrally; urogomphomere 1 of instar II and III with a variable number of secondary setae (Fig. 20) ; primary seta UR8 subterminal, proximally articulated on urogomphomere 2 (Uro2Ј/Uro2 Ͻ 0.50) (Fig. 15 ).
Description of Larvae of Andex Sharp
Diagnostic Combination. Larvae of Andex are distinguished from those of other genera of Hyphydrini that have been well studied by the following combination of characters: frontoclypeus broader apically, with one, two, or three lateroventral spine-like projections in instars I, II, and III, respectively (Figs. 1, 2, 16, and 17); antennomere 1 Ϸ0.50 times as long as antennomere 2 or 3; antennomere 3 with a ventroapical spinula, lacking primary pore ANf (Figs. 3 and 4); prementum longer than broad, primary setae LA3, LA4, LA5 articulated distally (Fig. 5) ; with a variable number of secondary spine-like setae dorsally (Fig. 7) , labial palpomere 2 with primary setae LA10 articulated medially (Fig. 6) , slightly longer than palpomere 1 in instar III; primary seta TI7 elongate and hair-like in instar I (Fig. 12) ; pore TIa lacking; secondary natatory setae on dorsal margin of femora, tibiae, tarsi (Fig. 19) ; abdominal segments 4 Ð 8 sclerotized ventrally in instars II and III; abdominal segment 8 (Figs. 13 and 20) Ϸ0.60 times as long as HW; siphon short, Ϸ0.40 times as long as LLAS, lacking ventral secondary setae; urogomphus longer than last abdominal segment; urogomphomere 1 Ͼ2.00 times as long as HW; basal articulation of primary setae UR3 and UR4 contiguous, inserted more distally than seta UR2 (Fig. 13) ; seta UR5 spiniform, shorter than setae UR6 and UR7 (Fig. 13) .
Larvae of Andex insiginis Sharp
Description, Instar I (Figs. 1-6, 8-15 ) (n ‫؍‬ 1). Color. Head capsule predominantly piceous except anterior portion pale yellow; head appendages predominantly creamy white to pale yellow except antennomere IV, apical one-third of antennomere III, maxillary palpomere III, apical one-half of maxillary palpomere II and apex of labial palpomere II piceous to dark gray; thoracic and abdominal terga predominantly dark gray; legs predominantly piceous; urogomphi piceous.
Head (8) (9) (10) . HL ϭ 0.72 mm; HW ϭ 0.45 mm; FCL ϭ 0.56 mm. Cephalic capsule (Figs. 1 and 2) . Pear-shaped, tapering posteriorly, lacking a neck constriction; HL/HW ϭ 1.75; ecdysial suture well-developed, coronal suture short, 0.28 times HL; HW/ OcW ϭ 1.48; frontoclypeus bluntly rounded, spatulate anteriorly (SpW/FCNW ϭ 1.07), narrow and elongate (FCL/FCNW ϭ 6.32), with a lateral notch on each side; dorsal surface with egg bursters (ruptor ovi of Bertrand 1972); ventroapical margin of frontoclypeus with Ϸ20 spatulate setae (lamellae clypeales of Bertrand 1972); epicranial plates meeting ventrally; ocularium present, stemmata not visible ventrally and subdivided into two vertical series, stemmata of the posterior row more widely spaced; tentorial pits visible medio-ventrally at about midlength. Antenna (Figs. 3 and 4) . Four-segmented, longer than HW (length of antenna/HW ϭ 1.39); antennomeres 2 and 3 longest (A2/A3 ϭ 0.80), antennomere 4 shortest; lateral elongation of antennomere 3 (A3Ј) shorter than antennomere 4 (A3Ј/A4 ϭ 0.79); antennomere 3 with a ventroapical spinula. Mandible (Fig. 10) . Falciform, curved inward and upward apically, Ϸ0.50 times as long as HL, narrow and elongate. Maxilla (Figs. 8 and  9 ). Stipes short and thick, incompletely sclerotized ventrally; cardo, galea, and lacinia absent; palpus three-segmented, shorter than antenna (length of antenna/ length of maxillary palpus ϭ 1.44); palpomere 1 Ϸ0.70 time as long as length of palpomere 2. Labium (Figs. 5 and 6 ). Prementum subrectangular Ϸ2.40 times longer than broad, lacking marginal spinulae; labial palpus 2-segmented, shorter than maxillary palpus (length of maxillary palpus/length of labial palpus ϭ 1. 48); palpomere 2 subfusiform, 1.95 times length of palpomere 1. Chaetotaxy. All primary setae and pores of generalized hydroporine larva present, except pores PAd, PAe, PAj, ANf, ANh. Seta MX1 articulated on maxillary stipes.
Thorax. Pronotum trapezoidal dorsally, ovate laterally, widest at posterior margin; length of pronotum Ϸ2 times length of mesonotum; metanotum subequal to mesonotum in length, both slightly wider than pronotum; pronotum without transverse carina; both meso-and metathoracic terga with anterotransverse carina; ventral surface of thoracic segments membranous; spiracular openings lacking.
Legs (Figs. 11 and 12) . Five-segmented; metathoracic legs longest, Ϸ1.30 times length of prothoracic legs, Ϸ4.30 times as long as HW; trochanter shortest, Ϸ0.40 times length of coxa; coxa and femur longest, subequal in length; tarsus slightly longer than tibia; tarsus with two claws, posterior claw slightly shorter than anterior claw on pro-and mesothoracic legs, subequal or slightly longer on metathoracic leg; posterior metathoracic claw Ϸ0.50 times as long as length of metatarsus; ventral marginal spinulae present on tibiae and tarsi. Chaetotaxy. All primary setae and pores of generalized hydroporine larva present except seta TR2 and pores FEa and TIa. Seta TI7 elongate and hair-like. Length of longest between setae FE8 and FE9/width of metafemur Ϫ 1.33; length of seta TI4/ width of metatibia ϭ 2.00; length of setae TA2/width of metatarsus ϭ 1.36.
Abdomen (Figs. 13 and 14) . Eight-segmented; LLAS ϭ 0.26 mm; segments 1Ð 8 dorsally sclerotized, segments 1Ð 4 membranous ventrally, segments 5Ð 8 sclerotized ventrally; all terga with an anterodorsal transverse carina; spiracular openings lacking; segment eight short, LLAS/HW ϭ 0.58, constricted posterior to insertion of urogomphi; siphon bluntly rounded to acute apically, Ϸ0.48 times LLAS. Chaetotaxy. All primary setae and pores of generalized hydroporine larva present except pore ABa; setae AB5, AB7, AB10, AB11 elongate and spine-like. Length of seta AB11/LLAS ϭ 0.89.
Urogomphi (Figs. 13 and 15) . Two-segmented, longer than LLAS; total length of urogomphus unknown because of damage; length of Uro1 ϭ 1.00 mm; length of Uro1/HW ϭ 2.42; length of Uro2/ LLAS ϭ 3.89; Uro1 longer than Uro2. Chaetotaxy. All primary setae and pores of generalized hydroporine larva present. Basal articulation of primary setae UR3 and UR4 contiguous, inserted more distally than seta UR2; seta UR5 spiniform, shorter than setae UR6 and UR7; seta UR8 proximally articulated on urogomphomere 2.
Description, Instar II (n ‫؍‬ 2). As in instar I except as follows. Color. Head capsule predominantly yellow, infuscate mesally over parietale; thoracic and abdominal terga piceous; urogomphi yellow proximally, piceous to dark gray distally. A4 ϭ 0.52Ð 0.62; maxilla, length of antenna/length of maxillary palpus ϭ 1.41Ð1.42; palpomere I subequal to palpomere II in length. Labium. Length of maxillary palpus/length of labial palpus ϭ 1.50; palpomere II 1.23Ð1.49 times length of palpomere 1. Chaetotaxy. Head capsule with several spine-like secondary setae; mandible with one lateroproximal secondary seta; dorsal surface of prementum with six to seven secondary spine-like setae.
Thorax. Mesothoracic spiracles lacking. Legs. Metathoracic legs Ϸ1.30 times length of prothoracic legs, Ϸ4.00 times HW; ventral marginal spinulae lacking. Chaetotaxy. Position and number of secondary setae (Table 3) ; natatory setae present on dorsal margin of femora, tibiae, and tarsi; femora, tibiae and tarsi with several compound setae.
Abdomen. LLAS ϭ 0.42 mm (0.41Ð 0.43 mm); segments 4 and 5 with ventral plate, and segment 6 Ð 8 completely sclerotized; siphon Ϸ0.41Ð 0.44 times LLAS; abdominal spiracles lacking. Chaetotaxy. Dorsal surface with several secondary spine-like setae.
Urogomphi. 2.36 Ð2.61) and 5.53Ð5.85 times LLAS (length of Uro1/ LLAS ϭ 4.27Ð 4.68); Uro1/Uro2 ϭ 3.38 Ð 4.00; Uro2Ј/ Uro2 ϭ 0.21Ð 0.25. Chaetotaxy urogomphomere I with numerous secondary setae, setae either short and spine-like or elongate and hair-like.
Description, Instar III (Figs. 7 and 16-20) (n ‫؍‬ 5). As in instar II except as follows. Color. Head capsule predominantly yellow; except for a piceous macula mesally on parietale and occipital region; maculae coalescing into a mesal longitudinal stripe in some specimens; thoracic terga creamy white to pale yellow with a piceous longitudinal stripe on each side; legs predominantly creamy white to pale yellow; abdominal terga predominantly creamy white to pale yellow; urogomphi dark yellow, urogomphomere II piceous apically.
Head (Figs. 7, 16, and 17) . HL ϭ 1.92 mm (1.86 Ð1.96 mm); HW ϭ 1.21 mm (1.18 Ð1.27 mm); FCL ϭ 1.42 mm (1.39 Ð1.45 mm). Cephalic capsule (Figs. 16 and 17) . HL/HW ϭ 1.52Ð1.65; HW/ OcW ϭ 1.49 Ð1.60; SpW/ FCNW ϭ 1.30 Ð1.53, FCL/FCNW ϭ 5.51Ð 6.62, frontoclypeus with three lateral notches on each side; ventroapical margin of frontoclypeus with Ͼ50 spatulate setae (lamellae clypeales of Bertrand 1972) . Antenna. Length of antenna/HW ϭ 0.97Ð1.09; A2/ A3 ϭ 1.04 Ð1.11, A3Ј/A4 ϭ 0.58 Ð 0.69. Maxilla. Length of antenna/ length of maxillary palpus ϭ 1.22Ð1.25; palpomere 1 1.20 Ð1.29 times length of palpomere 2. Labium (Fig. 7) . Length of maxillary palpus/length of labial palpus ϭ 1.59 Ð1.72; palpomere 2 subfusiform, 1.10 Ð1.29 times length of palpomere 1. Chaetotaxy. Head capsule with several spine-like secondary setae; head appendages lacking secondary setae except mandibles with one to four lateroproximal setae (Fig. 17) and prementum ( Fig. 7) with 11Ð16 dorsal spine-like setae.
Thorax. Pronotum with an anterior transverse carina; both meso-and metathoracic terga with anteroand a posterotransverse carina; ventral surface of thoracic segments membranous; mesopleural region with a spiracular opening on each side.
Legs (Figs. 18 and 19) . Metathoracic legs Ϸ1.35 times length of prothoracic legs, Ϸ3.90 times as long as HW; coxa and femur longest, subequal in length; tarsus subequal to tibia in length; posterior metathoracic claw Ϸ0.30 times as long as length of metatarsus. Chaetotaxy. Position and number of secondary setae (Table 3) .
Abdomen (Fig. 20) . LLAS ϭ 0.69 mm (0.68Ð0.70 mm); segments 1Ð7 each with a pair of spiracular openings, segments 4 and 5 with ventral plate, and segments 6 Ð 8 completely sclerotized; all terga with an anterodorsal transverse carina; LLAS/HW ϭ 0.54 Ð 0.59. Siphon. Approximately 0.39 Ð 0.41 times LLAS. Chaetotaxy. All terga with several secondary setae.
Urogomphi (Fig. 20) . Total length of urogomphi ϭ 3.10 mm (2.94 Ð3.22 mm) (length of Uro1 ϭ 2.67 mm [2.58 Ð2.75 mm]); 2.32Ð2.73 times HW (length of Uro1/HW ϭ 2.03Ð2.34) and 4.31Ð 4.71 times LLAS (length of Uro1/LLAS ϭ 3.70 Ð 4.03); Uro1/Uro2 ϭ 5.83Ð7.04; Uro2Ј/Uro2 ϭ 0.23Ð 0.34.
Habitat. Larvae and adults of A. insiginis were collected in a drying pond formed from spill-over from a large stream at the beginning of the winter rainy season. The pond, which had a sandy substrate, was created by a concrete roadway over metal tubes that allowed the stream to ßow under the road.
Distribution. Endemic to Republic of South Africa.
Cladistic Analysis
Heuristic searches with random-addition sequence replicates found minimal length topologies of 45 steps from our data matrix (Table 2) . TBR swapping of minimal-length trees from 100 random-addition replicates let to 20 trees (CI ϭ 0.64; RI ϭ 0.84). In all these trees, the genus Andex stands as member of a clade make up of Desmopachria, Hyphydrus, and Pris- (D)  7Ð8  25Ð32  AV  6Ð8  9Ð11  AD  10Ð11  23Ð28  PV  6Ð7  11Ð13  AV  6Ð9  18Ð25  Range  30Ð35  62Ð68  PD  0  0  PV  7Ð9  17Ð26  Range  33Ð35  88Ð111 CO, coxa; FE, femur; TA, tarsus; TI, tibia; TR, trochanter; range, total number of secondary setae on segment; sensillar series; A, anterior; AD, anterodorsal; AV, anteroventral; D, dorsal; Di, distal; PD, posterodorsal; Pr, proximal; PV, posteroventral; NS, natatory setae; V, ventral; n, number of specimens studied. mopes. The strict consensus tree (Fig. 22) is in support of a sister-group relationship of Andex with Desmopachria and Hyphydrus.
Discussion
A placement of Andex within the tribe Hyphydrini seems well supported based on larval morphology (bootstrap value ϭ 98; Fig. 22 ). Larvae of Andex share with other members of the Hyphydrini several unique character states within the Hydroporinae (Fig. 21 ): 1) epicranial plates meeting along the ventral midline (character 05 ; Fig. 17) ; 2) absence of the primary pore FRb (character 06 ; Fig. 1); 3) absence of the primary pore ANh (character 11; Figs. 3 and 4); 4) prementum as broad or longer than broad (character 15; Figs. 5Ð7); 5) absence of the primary pore FEa (character 20 ;  Fig. 11) ; 6) abdominal segment 6 sclerotized ventrally (character 30); and7) a proximal articulation of the primary seta UR8 on urogomphomere II (character 35; Fig. 15 ). The absence of the primary pore PAj (character 03; Fig. 1) ; the elongate shape of the primary setae AB5, AB6, and AB7 (character 29 ; Fig. 13) ; the elongate shape of the primary seta TI7 (character 21; Fig. 11 ; reversal in Microdytes); and the pore-like condition of the primary seta AB2 (character 32; Fig. 13 ) represent other putative unique larval character states in support of the monophyletic origin of these genera (Alarie et al. 1997) . In absence of instar I of Prismopes and Pachydrus, however, we are unable to determine whether these character states are also synapomorphies of the Hyphydrini.
A high bootstrap value (79) also indicates strong support for the monophyly of Andex ϩ Desmopachria ϩ Hyphydrus ϩ Primospes (Fig. 22) , which evolved natatory setae on dorsal margin of both meso-(character 22) and metafemora (character 23) (Fig. 19) , a unique feature within the Hyphydrini. This character state, however, has apparently evolved many times independently within the Hydroporinae (Alarie et al. 1999, Alarie and Watts 2005) . Such hypothesis should be tested in a broader analysis, including more hyphydrine taxa.
As shown in the bootstrap consensus tree (Fig. 22) , Andex should be viewed as sister to Hyphydrus ϩ Desmopachria, both of which are characterized by the presence of ventral secondary setae on the siphon (character 31). This hypothesis is not strongly supported, however, as indicated by the low bootstrap value obtained (19). The short and spine-like condition of the primary seta UR5 at apex of urogomphomere 1 (character 34; Fig. 15 ) is in support to this clade. Without instar I of Primospes, however, we are unable to determine the condition of seta UR5 in that genus. It is therefore still a possible that this character state could be generalized to a clade including Andex ϩ Desmopachria ϩ Hyphydrus ϩ Primospes.
In this study, larvae of A. insiginis has turned out to be characterized by three unique larval character states within the Hydroporinae: 1) the presence of several secondary spine-like setae on the dorsal surface of the prementum (character 16 ; Fig. 7) ; 2) the absence of the primary pore TIa on tibiae (character 27; Fig. 11) , and 3) the presence of three frontoclypeal lateral processes in instar III, which is highly characteristic (character 4; Fig. 17) . A condition somewhat similar to the latter character state is found in larvae of Microdytes (Alarie et al. 1997) . Morphological differences among these taxa (e.g., presence of three spines in Andex), however, suggest that these conditions evolved independently in these taxa.
